In rats, the cerebrum, cerebellum, diencephalon and brain-stem were studied for their nucleic acid content.
From the Department of Obstetrics and Gynecology, Tohoku University
School of Medicine, Sendai; Director: Prof. K. Kushima (Received for publication, December 15, 1964) In rats, the cerebrum, cerebellum, diencephalon and brain-stem were studied for their nucleic acid content.
The values were compared between mature and descrepit rats. It was revealed that as for the decrease in RNA content by decrepitude the diencephalon ranked first, followed by the brain-stem and cereb rum in order, but the cerebellum showed almost no decrement. In any portion of the brain difference of DNA content due to age was not recognized.
Biochemical studies on nucleic acid of the nervous system had been kept far behindhand, but in recent years, thanks to the development of microanalysis and the electronmicroscope, many investigations have been made in this field of study. However, so far as we know, there is still little information as to the comparison of the nucleic acid content in various portions of the brain at stages of maturity and decrepitude.
May and Grenell1 made a comparative study of the nucleic acid content of different portions of the brain, without paying regard to the influence of age. On the other hand, Devil reported that the nucleic acid con tent is influenced by age. In this report the problem has been considered mainly from the aspect of the cell division or increased volume of cells.
We have determined the nucleic acid content of the cerebrum, cerebellum, diencephalon and brain-stem both in mature rats and in so-called decrepit rats without the sexual cycle. The results obtained, it seems to us, directly reflect the nucleic acid activity and the protein synthesis in these portions of the brain and indirectly show that the enzymatic systems as well as neurosecretion in these portions are definitely influenced by age. These changes, although still remained unclarified for the most part, may be the essence of a phenomenon, decrepitude, of the central nervous system.
MATERIAL AND METHOD
Female rats (Wistar strain) about 150 days in age, weighing 130-150 g , having the sexual cycle and those, ca. 650-750 days aged, ca. 250-300 g in body weight, without the sexual cycle were used. Immediately after decapitation the brain was taken out from the animals, blood being removed and was frozen with dry ice. The cerebrum, cerebellum, diencephalon and brain-stem were isolated in each sample from groups consisting of five animals respectively. Each of these portions of the brain was added with ice cold distilled water and homogenized by Potter's glass-homogenizer; 2 ml of the homogenate, added with 5 ml of ice cold 10% TCA, was centrifuged. Then DNA and RNA were extracted by Schneider's method.3 Diphenylamine reaction of Dische4 was used for the determination of DNA. RNA was determined by means of Mejbaum's orcinol reaction for ribose.5
EXPERIMENTAL RESULTS
(1) The nucleic acid content of the cerebrum, cerebellum, diencephalon and brain stem of mature rats
The nucleic acid content of the cerebrum, cerebellum, diencephalon and brain stem is listed in Tahle I (3) Difference of the nucleic acid content between brain samples from mature rats and decrepit rats
The ratio of decrease in the nucleic acid content of the brain of decrepit rat to that of mature rat is indicated by the following formula :
DNA decrement for the cerebrum, cerebellum, diencephalon and brain-stem was 1.16%, 0%, 0.13% and 1.74%, respectively. These results mean that DNA decrement remained within a limit of experimental error and was not so greatly influenced by age. On the contrary RNA content showed a remarkable change in all portions of the brain except the cerebellum, the decrement being 16.48%, 1.24%, 36.94% and 24.38% for the cerebrum, cerebellum, diencephalon and brain-stem, respectively. From the above results it is apparent that the largest decrement was seen in the diencephalon, next to which the brain-stem ranked, and that the cerebellum, contrary to the others, showed only a minimum decrease in the amount of RNA. This, together with the fact that the cerebellum both from mature rat and from decrepit rat contains DNA in an amount about 3 .4 times as much as that of the other portions of the brain, is of great interest, since it seems to distinguish the cerebellum from the others. The cerebrum also decreases in its RNA content as age advances, and in respect of the decrement it is about half of the diencephalon and stands next to the brain-stem . It has been pointed out by Devil and others that the nucleic acid content of the whole brain is decreased by decrepitude. According to them, the RNA content was 1 .13 mg/g wet tissue for young rat, while it was reduced to 0.65 mg/g wet tissue for decrepit rat . The decrement approximates that of the diencephalon obtained by us .
DISCUSSION
The brain tissue, in general, contains nucleic acid (DNA, RNA) in less amount than other organs, e.g., the liver.6,7 But it is said that the nucleic acid content of an isolated nerve cell, when measured by microanalysis, was found unexpectedly high.8 Experiments further revealed that DNA and RNA were present in the liver and muscles in large amount at neonatal stage and then underwent a drama tic change in their amount in the course of growth. This is because enzymes which synthesize DNA and RNA have a potent activity in newborn animals.2 That cells abundant in RNA rapidly synthesize protein has been demonstrated by numerous experiments.9-11 According to Franklin,12 proteolytic enzymes rapidly increase in their activity as the decrepitude process advances. Quite recently there has also been a report that the amount of enzymes such as ribonuclease, desoxyribonuclease and adenosinetriphosphatase increases with age.2 Although studies on nucleic acid of the whole brain have remarkably increased in number in these years, we have as yet very little work on nucleic acid of various portions of the brain. Since the brain, by nature, is composed of various defferent parts in function, our experiment on various portions of the brain roughly classified according to function seems to be of significance. In order to investigate the influence of nucleic acid on the cerebral function many experiments have been conducted, including one" in which nucleic acid of the yeast was used for the treatment of mental weakness due to senility. Corning's report14 that conditioned planarians were regenerated in a rebonuclease solution after separating their beads and tails from planarians, is one of interesting experiments. This is very suggestive, even though it cannot be directly applied to the cerebrum. In our experiment the nucleic acid content of the cerebrum from decrepit rats showed a decrease of 16.48% as compared with that of mature rats. It has recently been found that the cerebellum is concerned not only in the coordi nation of muscular movements, but also in all of the sensory tracts. 15 The fact that the cerebellum contains DNA at a level about 3.4 times as high as that of the other portions of the brain implies nothing else than that the number of cell nuclei per unit volume is larger in the cerebellum than in the remaining portions of the brain, as stated by Peters" and Flexner.17 According to our experiment the cerebellum showed the least change in DNA and RNA content throughout the course from maturity to decrepitude. The decrepit diencephalon was the highest in RNA decrement. This seems to be closely related to the role of the diencephalon, i.e., diffuse thalamic projection system, hypothalamic centers and controll over the endocrine system. Following the morphological disclosure of the neurosecretion18 many experiments have been conducted to support the contention that the sex center is located in the hypothalamus. showed a marked change due to age of the nucleic acid content.
